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(54) Title: FUEL CELL WITH PULSED ANODE POTENTIAL 

(54) BeRlchnung: BRENNSTOFFZELLE MTT PULSFORMIG VERANDERTEM ANODENPOTENTIAL 

(57) Abstract 

The invention concerns a fuel cell (I) 
comprising an electrodc-electrolytB unit (2, 
3, 4) with an anode catalyst whose catalytic 
activity in a fuel cell is reduced by carbon 
monoiide and with means (5, 6) for varying 
the anode potential in pulsed manner such that 
carbon monoxide which has been adso r bed an 
the catalyst is oxidized. In this way, power 
losses owing to carbon monoxide adsorption 
at the anode catalyst are reduced. 

(57) Ztisamrnenlassung 

Die Erfindung betriffi tine 
Brennstoffzelle (1) mit einer Elokiro- 
den-Elektrolyt-Einheit (2, 3, 4), mit eincm 
Anodenkatalysator, dessert katalytlsche 
Aktivitfit in einer Brtnnstoffeelle durch 
Kohlenmanoxid gemindert wird sowie mit 
Mltteln (5, 6) zur derartigen pulsformlgcn 
Anderung des Anodenpotentials, daB am 
Katalysator adsorbiertes Kohlcnmonoxid 
oxidiert wird. LeistungseinbuOen aufgrund 
von Kohlenmonoxidadsorptionen am 
Anodenkatalysator werden so vermindert. 
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Abstract 

The invention concerns a fuel cell having an 
electrode -electrolyte unit, having an anode catalyst of which 
the catalytic activity in a fuel cell is reduced by carbon 
monoxide and having means for varying the anode potential in 
a pulsed manner such that carbon monoxide adsorbed at the 
catalyst is oxidized. 

In this way, power losses caused by carbon monoxide 
adsorptions at the anode catalyst are reduced. 
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I 

Description 
FUEL CELL WITH PULSED ANODE POTENTIAL 



The invention concerns a fuel cell. 

A fuel cell has a cathode, an electrolyte and an 
anode. The cathode is supplied with an oxidizing agent, for 
example air, and the anode is supplied with a fuel, for 
example hydrogen. 

There are fuel cells in which the electrolyte 
comprises a proton-conducting membrane. The operating 
temperature of such fuel cells is up to 130° C. In the 
presence of the fuel, hydrogen ions form at the anode by 
means of a catalyst. The hydrogen ions pass the electrolyte 
and bond on the cathode side with the oxygen ions originating 
from reduction of oxygen to form water. Electrons are 
thereby released and consequently electrical energy is 
generated. 

During the operation of fuel cells, which comprise 
for example noble metal catalysts such as Pt as the active 
component of the electrodes, even very low concentrations of 
carbon monoxide in the fuel (< 50 ppm) lead to a reduction in 
the power of the cell, because active catalyst locations are 
occupied by adsorbed carbon monoxide and are blocked. This 
problem occurs particularly badly in the case of fuel cells 
which have a polymeric solid electrolyte. 



REPLACEMENT SHEET (RULE 26) 
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Methanol is frequently provided as the energy- 
transmission medium for fuel cells with polymeric solid 
electrolytes and is converted in a reforming reaction with 
water into a hydrogen-rich synthesis gas. This synthesis gas 
contains about 1% carbon monoxide. The relatively high 
proportion of CO in the synthesis gas leads to a drastic 
deactivation of the electrocatalyst of the anode of the fuel 
cell and reduces the power of the fuel cell. 

The deactivation of the catalysts likewise occurs 
when using a combustion gas, which is produced by reforming 
alcohols, hydrocarbons and mixtures of hydrocarbons. The 
reforming of the energy-transmission medium may take place 
externally or internally, as described in the publication 
reviewing fuel cell technology by U v Stimftiirig, VDI Berichte 
No. 1174 , (1995). It is also known that a reduction in the 
power of fuel cells due to deactivation of the anode 
catalysts also occurs in the case of direct methanol 
conversion at the anode of the fuel cell due to the 
production of CO. 
.... For avoiding the aforementioned deactivation of 

catalysts, it is known to reduce the CO content of the fuels 

•••• 

:V*J below 100 ppm by gas cleaning. However, secondary cleaning 
is complex and consequently costly. 

It is also known to develop anode catalysts with 
improved CO resistance, such as Pt-Ru alloys for example. 
Such catalysts are, however, likewise very expensive. 
Adsorption effects, and associated power losses, can also be 



• 
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reduced only unsatisfactory- 
It is known from the publication by S. Gottesfeld 
and J. Pafford, J. Electrochem. Soc. 135 (1988) 2651. to 
avoid deactivations caused by adsorbed carbon monoxide by 
adding low concentrations of oxygen or air to the fuel. A 
disadvantage of this solution is that ignitable mixtures may 
occur - 

the object of the invention is to provide a fuel 

cell in which power losses caused by contaminants adsorbed at 

the anode catalyst can be avoided inexpensively and reliably. 

The present invention provides a fuel cell having 

an anode-electrolyte-cathode unit, having an anode catalyst 

and having means for impressing a positive voltage pulse on 

the anode, wherein the voltage of the fuel cell does not 

change its sign and at most becomes zero. 

The present invention further provides a method for the 

removal of carbon monoxide on anode catalysts of fuel cells, 

wherein a or repeated positive voltage pulse (s) are impressed 

on the anode, wherein the voltage of the fuel cell does not 

change its sign and at most becomes zero* 

The improvement in the power is achieved by 

oxidation of the carbon monoxide adsorbed at the catalyst by 

means of the pulsed variation of the anode potential. The 

:.l « : magnitude of the voltage of the voltage pulse is consequently 

■ 

* to be chosen during operation such that carbon monoxide 

adsorbed at the anode catalyst is oxidized. 
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To produce a suitable positive voltage pulse, means 
which produce a temporary short circuit between the anode and 
cathode are provided for example. Alternatively, means which 
bring about a pulsed feeding in of external electrical 
energy, which is supplied to the anode, are provided. In 
both cases, short current or voltage pulses are produced and 
impressed on the anode in the way claimed. The pulse may in 
principle be of any desired shape. The variant first 
described, with the short circuit, has the advantage over the 
feeding in of external energy that there is no need for an 
external energy source. 

For the pulsed variation of the anode potential, a 
control device for a suitable, fast transistor switch is 
used, for example. The transistor switch either briefly 
shorts the contaminated fuel cell for a defined time or 
changes the anode potential to positive values, in that an 
external DC voltage source of about IV (e.g. a battery), 
applied via the switch, is impressed on the cell for a 
defined time. 

The coupling in of the current or voltage pulses 
has the effect that contaminants adsorbed on the anode 
catalyst are oxidized and, as a consequence, the cell is 
reactivated. Since the reactivation takes place considerably 
faster than the deactivation, an average increase in power is 
the consequence in the case of fuel with carbon monoxide 
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fractions. This applies in particular when catalysts with 
improved CO resistance, such as Pt-Ru alloys, are used. 

Preferred time periods for the pulses are 10 to 200 
milliseconds. The electric currents are generally several 
A/cm 2 (e.g. up to 10 A/on 2 ). 

If a fuel cell is operated under constant load, 
repetition rates of 0.01 - 0.5 Hz are to be preferred. In 
cases of load changes, a corresponding variation of the 
repetition times of the pulses is expedient. 

The power losses of a fuel cell caused by the 
operation of an electronic device for generating the voltage 
or current pulses, that is the power losses caused by the 
interruption in the removal of energy during the time period 
of a pulse as well as the power losses caused by the energy 
expended for the pulse are at most 1 - 5% of the power 
generated by the cell . 

A preferred embodiment of the invention will now be 
: described with reference to the accompanying drawings; 

Figure 1 shows a fuel cell 1, an anode 2, an 
electrolyte layer 3 and a cathode 4. A signal generator 5 is 
provided as a control device. The signal generator 5 

s 

• controls a fast high-power transistor switch, to be precise a 
I transistor MOSFET 6 for generating voltage pulses 7. The 

• transistor MOSFET 6 is electrically connected to the anode 2, 
so that a pulsed variation of the anode potential is 
produced. The variation is such that carbon monoxide 
adsorbed at the anode catalyst can be oxidized. 
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Figuire 2 shows the variation in electric current I 



at an anode plotted against time t, as produced according to 
the invention in a fuel cell. A carbon- supported Pt/Ru alloy 
catalyst was used at a potential of 200 mV with H a /5% CO gas 
mixtures being supplied. By periodic coupling in of 
potentiostatic pulses with an amplitude of 700 mV and a pulse 
duration of 100 ms at a repetition rate of 0.1 Hz, a current 
can be continuously maintained. The coupled- in pulse brings 
about a potential of 900 mV with respect to hydrogen 
potential in a step-change manner. Such a step potential is 
sufficient for bringing about the desired oxidation of the 
adsorbed carbon monoxide. In the present example, the 
current is at least 50 fiA foaf longer than one hour. Such a 
continuous oxidation current at the anode of the fuel cell 
permits constant operation and a considerable increase in 
power of the cell in comparison with operation without the 
coupling in of pulses. 



#• • • 
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The claims defining the invention are as follows: 



1. a fuel cell having an anode-electrolyte-cathode 
unit, having an anode catalyst and having means for 
impressing a positive voltage pulse on the anode, wherein the 
voltage of the fuel cell does not change its sign and at most 
becomes zero . 

2 . A method for the removal of carbon monoxide on 
anode catalysts of fuel cells, wherein a or repeated positive 
voltage pulse (s) are impressed on the anode, wherein the 
voltage of the fuel cell does not change its sign and at most 
becomes zero 

3 . The method as claimed in claim 2 , wherein reformed 
alcohols are used as fuel . 

4. The method as claimed in claim 2, wherein reformed 
hydrocarbons are used as fuel . 

5. The method as claimed in claim 3, wherein the 
reforming of the alcohols takes place internally in the fuel 
cell , 

6. The method as claimed in claim 4, wherein the 
reforming of the hydrocarbons takes place internally in the 
fuel cell. 

7. The method as claimed in claim 2, wherein a direct 
conversion of alcohols takes place at the anode. 

8. The method as claimed in claim 2, wherein a direct 
conversion of hydrocarbons takes place at the anode. 
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